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Object of Research: 

To study a behavior of a variety of actinic species 
including a ground state, an excitation state, oxygen atoms 
and ions generated in a microwave-excited surface wave 
plasma for forming a silicon oxide coating through a vapor 
phase measurement using a wavelength-variable vacuum 
ultraviolet laser absorption spectroscopy system, a 
quadruple mass spectrometer and others. Further, a 
clarification of the process is carried out by comparing 
the obtained results with practical results concerning 
silicon oxidation treatment (quality of the coating, 
oxidation rate and others) . 
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Approach in this Research: 

1. Measurement of Charged Particles 

Using a quadruple mass spectrometer, an identification 
of positive ion species and an energy analysis of dominant 
ion species were carried out for Ar/0 2 /H 2 surface in a 
plasma . 

Experiment Apparatus: 

The surface wave plasma experiment apparatus used in 
the research is illustrated in Fig. 1. 
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Fig. 1 Surface Wave Plasma Process Apparatus for Rare 
Gas-added Oxygen 



Conditions of Measurement: 

Power of microwave: 1.5 kW 

Flow rate of Ar/0 2 /H 2 : 500/5/0 to 10 seem 



Pressure: 133.3 Pa 
Stage temperature: 4 0 0°C 



1. Measurement of Charged Particles 

The constitution of the experimental apparatus is 
illustrated in Fig. 2. In this measurement, a QMS 
apparatus was introduced into a side portion of the 
apparatus. Further, the QMS apparatus itself has a 
potential which is identical with GND. 
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Fig. 2 Constitution of Charged Particles Measurement 
Experiment Using QMS 

Fig. 3 illustrates a mass spectrum in a Ar/0 2 /H 2 
surface wave plasma measured using a quadruple mass 
spectrometric method. 



Conditions of Measurement: 

Power of microwave: 1.5 kW 
Pressure: 133 Pa 



Ar/0 2 /H 2 : 500/5/0 to 10 seem 
Stage temperature: 400°C 
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Fig. 3 Ion Species Measured Using QMS 



The following ion species were confirmed under each of 
the conditions in which a flow rate of hydrogen was varied. 
0 2 + (m = 32), N0 + (m = 30), H 3 0 + (m = 19), H 2 0 + (m = 18), 
OH + (m = 17) , 0 + (m = 16) . 
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Fig. 4 Dependency on H2 Flow Rate of Ion Species 



From the above results, it was observed that ion 
species different from those of Ar/0 2 system, especially ion 
species containing hydrogen atom can be generated in a 
system to which hydrogen was added. However, it was also 
observed that 0 2 ions can be dominantly generated in the 
system. 

Next, an energy of the dominant ion species, i.e., 02 + 
ion and H 3 0 + ion is illustrated in Figs. 5 and 6. 
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Fig. 5 Energy of 0 2 + ion 
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Fig. 6 Energy of H 3 0 + ion 



As is appreciated from Figs. 5 and 6, a peak of ion 
energy is generated in about 7 to 8 eV for each of C>2 + and 
H 3 0 + ions. Further, it was observed that 0 2 + and H 3 0 + ions 
have different profiles of the ion energy. 

Schedule of Research: 

1. Measurement of electron density and temperature (by 
April 4, 2008) 

2. Measurement of radicals under high pressure and high 
oxygen conditions (by April 25, 2008) 
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